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Understanding the Phenomenon of Drought 
As the demands placed on water resources increase, society and industry 
become more vulnerable to the effects of drought. Having a better under-
standing of drought can enable hydroelectric project owners, operators, 
and developers to improve their planning for future drought risks. 
By Donald A. Wilhite 
Editor's Note: We've asked Donald 
Wilhite, director of the Intema· 
twnal Drought InforTTUltwn Cen· 
ter, to share current ideas and 
understanding of drought with 
Hydro Review readers. Droughts 
of the late 1980s and early 1990s 
have had obvious and significant 
effects on TTUlny U.S. hydro proj· 
ects. Any improvement of our 
understanding of the phenomenon 
can be useful for planning for the 
jUture.-M.B. 
The late 1980s and early 1990s will 
long be remembered for severe water 
shortages-a consequence of numer-
ous consecutive years of drought over 
extensive portions of the U.S. In 
particular, many Americans will re-
member the 1988 drought for its 
wide-ranging economical, societal, and 
Don Wilhite is director of the In-
ternatwnal Drought Informatwn 
Center and professor of agricul· 
tural meteorology at the University 
of Nebraska in Lincoln. 
This article has been evalu-
ated and edited in accordance 
with reviews conducted by 
two or more professionals who 
have relevant expertise. These 
peer reviewers judge manu-
scripts for technical accuracy, 
usefulness, and overall im· 
portance within the hydro-
electric industry. 
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The Bureau of Reclamation suspended operation of New Melones Dam, a hydroelectric plant 
near Modesto, California, in the ear1y 1990s due to six years of drought and a lack of Signifi-
cant preciPitation. The low level of the reservoir was apparent in the fall of 1991 , when this 
aerla view of the dam's upstream face was photographed. The intake structure is visible on 
the right side of the photograph. (Courtesy of the Bureau of Reclamation) 
environmental effects. These effects 
went far beyond those normally asso-
ciated with drought (i.e. , reductions in 
agricultural crop yields). Increased in-
cidence of forest fires, curtailments in 
barge traffic on the Mississippi and 
other river systems, reduced recrea-
tional opportunities, higher energy use 
in response to much higher-than-nor-
mal temperatures, and mandatory re-
strictions on municipal water use are 
among the documented effects of the 
1988 drought. Hydropower produc-
tion, too, suffered during 1988 com-
pared to long-term generation aver-
ages . All regions throughout the U.S. 
except the Plains states experienced 
reduced hydropower generation, as 
illustrated in Table 1. [This table was 
derived from Hydro Review's Hydro' 
power Generation Report data· 
base.-Ed.] 
During 1988, severe to extreme 
drought affected nearly 40 percent of 
the country; an additional 30 percent 
of the nation experienced moderate 
drought conditions. Although public 
awareness of the drought and its se· 
verity was raised dramatically during 
the spring and early summer months, 
the public's perception of drought 
quickly waned by late fall . The direct 
and indirect effects of the drought will 
never be known fully. However, the 
U.S. Department 
of Energy 
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Table 1: Hydropower Production by Selected U.s. Power Producers In 1988 Compared 
To a Ten-Year Average 
Region and Producer 
Total Hydro 
()peraffng 
Capacity 
(in MW) 
Ten Year 
Average 
1983-92 
(I,OOOMWh) 
Total Hydro 
Generation 
for 1988 
(I,OOOMWh) 
1988 Hydro 
Generation 
Percent 01 
Ten-Year 
Average 
Northeast: New York Power Authority 4,068 24,747 22,471 91% 
South: Corps 01 Engineers 4,162 11,031 7,560 69% 
Tennessee VaHey Authority 3,346 16,871 9,620 57% 
Great Lakes: Corps of Engineers 479 1,767 1,041 59% 
Piains: Corps of Engineers 2,873 9,659 9,949 103% 
SOuthWest Bureau of Reclamation 4,472 15,744 11,304 72% 
Pacific Gas & Electric 3,904 10,706 7,884 74% 
Northwest: Corps of Engineers 13,093 55,794 48,507 87% 
TOTAUAVERAGES 36,397 146,807 118,335 81% 
Source: Hydro Review's Hydropower Generation Report database. 
costs and losses have been estimated 
at nearly $40 billion! Included in these 
costs are nearly $5 billion in federal 
drought relief, primarily to the agri-
cultural sector. This large societal 
cost indicates that, despite all of our 
technologic31 progress, our vulner-
ability to the uncontrollable phenom-
enon of drought continues_ 
To fully understand the magnitude of 
the effects of the 1988 drought, it is 
first necessary to understand its tem-
poral characteristics · (chronology of 
drought development) . The reality is 
that the 1988 water shortages began 
several years earlier, in the summer of 
1985. In August 1985, for example, 
severe to extreme drought existed 
throughout much of the West and in 
portions of the East. During 1986, 
conditions improved somewhat in the 
West, but deteriorated rapidly in the 
Southeast to become one of that re-
gion's worst droughts on record. 
Drought conditions continued during 
1987, especially in the East and in the 
far western states of California, Ore-
gon, and Washington. It was this 
series of droughts between 1985 and 
1987 that led to the large accumulated 
water deficits in surface and subsur-
face water supplies before the spring 
of 1988. As the drought increased in 
intensity and spatial extent in the 
spring of 1988, the most immediate 
concerns were the potentially serious 
agricultural effects in the spring wheat -, 
corn-, and soybean-producing regions 
of the northern and central Great 
Plains and Midwest. By early summer, 
it became quite clear that the effects of 
the dry conditions would stretch far 
beyond the agricultural sector and the 
states in the nation's heartland. 
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As Figure 1 shows, the drought of 
the mid- to late-1980s did not end in 
the fall of 1988. It continued through 
the early months of 1993, when much 
above normal precipitation fell over 
most of the West. In February 1993, 
California Governor Pete Wilson of-
ficially pronounced an end to the six-
year California drought, but called for 
continued emphasis on water conser-
vation. He renamed the California 
Drought Response Office the Water 
Conservation Office. 
Although the public's perception 
may be that the drought's end signals 
a return to "business as usual," the 
fact is that water is still in short supply 
in parts of California and other por-
tions of the West are continuing to 
experience drought conditions. Water 
conservation will continue to be nec-
essary as swnace and . subsurface 
water supplies slowly rebound with 
the return of more normal precipita-
tion patterns. At the same time, it is 
likely that new areas of drought will 
emerge in 1993. After all, historical 
evidence shows that drought is a 
normal part of our climate and its 
occurrence is inevitable. Although 
some may consider the series of 
drought years between 1985 and 1993 
unusual, Figure Z-indicating the per-
cent of the U.S. experiencing severe 
to extreme drought between 1895 and 
1991-shows that the most recent 
drought was not abnomial when re-
corded drought data in the U.S. is 
considered as a whole. The accompa-
nying story provides details about how 
the severity of a drought is deter-
mined. 
As important as drought has been to 
the history of the U.S., it will be 
eqi.tally if not more important in the 
future. As the recent droughts have 
demonstrated, technology has not re. 
duced societal vulnerability. In fact 
our vulnerability is expanding in re: 
sponse to the increasing demands of a 
growing population on limited water 
and other natural resources. 
An Overview of Drought 
Drought differs from other natural 
hazards such as floods, tornadoes 
hurricanes, and earthquakes in severai 
ways. First, it is a "creeping phe-
nomenon," making its onset and end 
difficult to determine. The effects of 
drought accumulate slowly over a 
considerable period · of time and may 
linger for years after the termination 
of the event. This represents an im-
portant aspect of drought for the 
hydropower industry: it may take sev-
eral years for reservoir levels to re-
turn to normal following consecutive 
years of drought. Second, the absence 
of a precise and universally accepted 
definition of drought adds to the con-
fusion about whether or not a drought 
exists and, if it does, its severity. 
Policy-makers often are frustrated by 
the inability of scientists or water 
managers to define drought in concise 
terms or to explicitly state whether or 
not a drought exists. This may lead to 
inaction on the part of decision makers. 
Third, drought effects are less obvious 
and are spread over a larger geo-
graphical area than are damages that 
result from other natural hazards. For 
these reasons, the quantification of its 
effects and the proviSion of disaster 
relief are far more difficult tasks for 
drought than they are for other natural 
hazards. 
Drought is a normal part of climate 
for virtually all climatic regimes. It is a 
temporary aberration that occurs in 
high as well as low rainfall areas. 
Therefore, drought differs from aridity, 
since the latter is restricted to low 
rainfall regions and is a permanent 
feature of climate. The character of 
drought is distinctly regional, reflecting 
unique meteorological, hydrological, 
and socioeconomic characteristicS. 
Many people have difficulty associating 
drought with areas of the U.S., such 
as the Southeast, that are considered 
to have a surplus of water. But, in-
deed, there can still be drought. 
Drought needs to be considered 
relative to some long-term average 
amount of precipitation and evapo-
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Rgure 1: This graph shows the area (by percent) of the U.S. 
affected by severe to extreme drought between January 1986 to 
February 1993. The graph is based on data from the Palmer 
Drought Severity Index, in six-month intervals. Using the index, 
severe drought IS Identified as between -3 and -4. Anything less 
than --4 is extreme drought. (Information courtesy National Climatic 
Data Center, Asheville, North Carolina) 
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Fogure 2: This graph shows the area (by percent) of the U.s. 
affected by severe to extreme drought between 1895 and 1991, 
based on the Palmer Drought Severity Index. (Severe drought is 
kfentified as between a -3 and -4 on the index. Extreme dr9UQht is 
less than -4.) (Information courtesy National Climatic Data Center, 
Asheville. North Carolina) 
transpiration in a particular area, a 
condition often perceived as "normal." 
Drought is the consequence of a natu-
ral reduction in the amount of precip-
itation received over an extended 
period of time, usually a season or 
more in length. Other climatic factors 
(such as high temperatures, high 
winds, and low relative hwnidity) often 
are associated with drought in many 
regions of the world and can signifi-
cantly aggravate a drought's severity. 
Drought is also related to the timing 
(i.e., principal season of occurrence, 
delays in the start of the rainy season, 
etc.) and the effectiveness of rains 
(i.e., rainfall intensity and number of 
rainfall events) . llowever , drought 
should not be viewed as merely a 
physical phenomenon. It is the result 
of an interplay between a natural event 
{@ 
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(precipitation deficiencies because of 
natural climatic variability on varying 
time scales) and the demand placed on 
water supply by human-use systems. 
Societal vulnerability to periods of 
water shortage is always changing, 
reflecting our varying demands and 
water use priorities. 
Various Perspectives 
About Drought 
Because drought affects so many 
economic sectors and results in signif-
icant social and environmental effects, 
scores of definitions bave been devel-
oped in a variety of disciplines. In 
addition, because drought occurs with 
varying frequency in nearly all regions 
of the globe, the approaches taken to 
define it reflect regional differences. 
Effects differ from one region to the 
next, and depend on the evolution of 
drought activities. Therefore, we can-
not expect to derive a universal defi-
nition of drought. 
Many disciplinary perspectives of 
drought exist. Each discipline incor-
porates different physical, biological, 
and/or socioeconomic factors in its 
definition of drought. But, all per-
spectives agree that the importance of 
drought lies in its effects' Thus, defi-
nitions should be specific to the region 
and the effects in order to be used in 
an operational mode by water manag-
ers and other decision makers. 
Drought can be grouped by type: 
meteorological, agricultural, hydro-
logical, and socioeconomic.2 
Meteorological drought compares 
the duration and degree of dryness in a 
region to the normal conditions for that 
region. 
Agricultural drought occurs when 
conditions of meteorological drought 
affect soil moisture, evapotranspira-
tion, and plant growth. 
Hydrological droughts are con-
cerned with the effects of precipitation 
shortfaUs on surface or subsurface 
water supply (i.e., streamflow, reser-
voir and lake levels, and ground 
water). More time elapses before 
precipitation deficiencies show up in 
components of the hydrological sys-
tem, particularly for large river basins. 
Therefore, in large river basins, ef-
fects are out of phase with those in 
other economic sectors, and hydro-
logical droughts usually lag behind 
meteorological and agricultural droughts. 
Also, water in reservoirs and rivers 
often is used for multiple and compet-
ing purposes, further complicating the 
sequence and quantification of effects. 
Competition for water in these storage 
systems escalates during drought. 
Socioeconomic drought associates 
the supply and demand of some eco-
nomic good to elements of meteoro-
logical, agricultural, and hydrological 
drought. Some scientists suggest that 
the time and space processes of supply 
and demand are the two basic ele-
ments of an objective defuUtion of 
drought. For example, supply of eco-
nomic goods (such as hydroelectric 
power, water, or bay) is weather 
dependent. In most instances, the 
demand for that good is increasing as a 
result of increasing population and/or 
per capita consumption. Therefore, 
drought could be defined as occurring 
when the demand exceeds supply as a 
result of a weather-related supply 
shortfaU. This concept of drought 
supports the strong symbiosis that 
exists between drought and human 
activities. 
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Drought Characteristics and Severity 
Droughts diller In three essential characterilllics-intensily, duration, and 
spatial coverage. Intensity refer8 to the degree of the precipitation shortfaN 
and/or the severity of the effects of the shortIaN. Intensity Is generally 
measured by the departure of some cImaIic Index from normal (for example, 
percent of nonnal precipitation) and is closely Unked to duration In delarmining 
Its effect. Actual precipitation departures are normaUy compared 10 expected 
or average amounts on a monthly, seasonal, annual, or water-year time 
period. 
The most widely uead method for determining drought severity In the U.s. Is 
the Palmer Drought Severity Index (PDSI).'· Developed in the mid-196Oe, the 
PDSI Is a meteoroi0gicai Index that avaIuataa prolonged periods of ab-
normally wet or dry weather. The Index cen be thought of as a hydrologic 
accounting system. The Input to the system Is precipitation. Outputs Include 
III/apotranspiratlon, runoff, soil infiltration, soil wa1ar storage, and deep 
percolation through the root zone to the ground water. The PDSI relates 
accumulated differences of actual precipitation to evapotranspiration. runoff, 
and soit infiltration 10 average preeipiIatIon for individual climatic regions. PDSI 
values generaRy range from +4 (extreme wetness) to --4 (extreme drought), 
although values above or below these thresholds are not unusual. Values 
near zero ( + 1 to -1) are oonsidered to mpre&er1t normal conditions. FtgUrIIS 1 
and 2 In thiS article .... e based on lhe POSI. [Hydro Re\Iiew'$ ''Water Watch" 
depar1ment regularly Includes information about &Oil moisture throughout the 
U.s. from the PDSI.-Ed.j 
Another distinguishing feature of drought Is its duration. Droughts usually 
take at least two to three months to develop, but can oontinue for several 
years. Droughts U8IJBity last longer In the intenor of the u.s. then they do In 
the East or In the far western slates, although the recent drought In Califomla 
lasted for six years." This flnding Is critical for hydro plant operators In these 
areas. 
The percent of the total area of the contiguous u.s. affected by severe to 
extreme drought has been highly variable over the past centUIy. The ITlO8t 
Widespread drought occurred In the 193Os--ilartlcularly 1934, when more than 
65 percent of the country experienced severe or extreme drought. Using the 
percent of total area to daflne major drought episodes, Significant areas were 
also affected in the 1890s, 1910, 1925 and 1926, 1953 to 1957, 1964 and 
1965, 1976 and 1977, 1983, and 1988 to 1992. The 1930s, particularly 1934 
and 1936, remain the most severa drought years on record for the northern 
and oentml Great Plains and Midwest. Until the recent series of drought years 
In the West, 1976 and 1977 was considered to be the drought of record for 
thet region. 
Causes and Predictability 
Of Drought 
Empirical studies conducted during 
the past century have shown that 
drought is never the result of a single 
cause. Rather, it is the result of many 
causes, which are often synergistic in 
nature. Some of the causes may be the 
result of influences originating far from 
the drought -affected area. Drought 
researchers are studying the role of 
interacting systems, often called "tele-
connections," in explaining' regional 
and even global climatic patterns of 
climatic variability. Teleconnections 
are regional or global atmospheric 
patterns that reappear with consider-
able frequency in roughly the same 
fonn and often persist or recur 
throughout a month or season. These 
patterns tend to recur with enough 
frequency and with similar character-
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istics over a sufficient length of time 
that they help forecasters make long-
range climate predictions, particularly 
in the tropics. 
One teleconnection receiving a great 
deal of attention from scientists since 
the early 1980s is the EI Nino/South-
ern Oscillation, usually called "El 
Nino." EI Nino is the occasional 
invasion of wann surface water from 
the western equatorial Pacific Basin 
to the eastern equatorial region and 
along the west coast of South Arner-
ica.3 EI Niiio events occur about twice 
every ten years, although the interval 
between two events is irregular. El 
Nino events have been linked to the 
widespread occurrence of extreme 
climatic events, such as droughts and 
floods, on virtually every continent. 
The inunediate cause of drought is 
the sinking of air (subsidence) that 
results in higher atmospheric pressure 
and compressional wanning of the air 
which inhibits cloud formation and 
causes lower relative humidity, leading 
to less precipitation. For regions UD-
der the influence of semi-pennanent 
high pressure during all or most of the 
year, desert (arid) conditions result, 
such as in the Sahara and Kalahari 
deserts of Africa and the Gobi Desert 
of Asia. Most climatic regions, how-
ever, experience varying degrees of 
dominance by high pressure, often 
depending on the season. Prolonged 
droughts occur when large-scale ano-
malies in atmospheric circulation pat-
terns become established and persist 
for periods of months, seasons, or 
longer. The extreme drought of 1988 
affected both the U.S. and Canada. 
How Predictable Is Drought? 
Currently, it is difficult for fore-
casters to predict drought more than a 
month in advance. The potential to 
predict drought differs by region, sea-
son, and climate. Recent teelmological 
advances make drought forecasts 
more reliable today than a decade ago 
in some regions. In the tropics, for 
example, meteorologists have made 
significant advances in understanding 
the climate system. Specifically, me-
teorologists now know that much of 
the atmospheric variability that occurs 
over longer periods of time (several 
months to several years) can be linked 
to variations in tropical sea surface 
temperatures. Major global meteoro-
logical experiments are investigating 
these questions further. Improved 
predictability of El Nino episodes, for 
example, would profoundly influence 
seasonal predictions in the tropics and 
elsewhere. To date, empirical rela-
tionships have been developed for 
some tropical and near-tropical regions 
such as the Indian Peninsula and Aus-
tralia. Further advancements will re-
quire major breakthroughs in the use 
of dynamic models that link ocean-
atmosphere systems. Therefore, me-
teorologists do not believe that highly 
accurate forecasts are currently JlOs-
sible for all regions more than a 
season in advance. 
The Effects of Drought 
The effects of drought are diverse 
and often ripple through the economy. 
Thus, effects often are referred to as 
"direct" or "indirect." For example, a 
loss of agricultural crop yield resulting 
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AWK TRASH RAKES H C\i!Stom manufactured for your job site 
Capabilities " 
o 
y Loads debr~ 
Y Handles roelts 
Y Loads logs ." 
Y Handles Ice J 
Available Options 
Y Operator's cab 
Y Heater and defroster 
We provide prompt service 
on machines. 
Contact your IMT Hawl< distributor today: 
Denslow Equipment Co. Inc. 
Route 12 P.O. Box 179 
~oonville, New york 13309 
\ 
Call (315) 942-4211 ~. I ~A 
--
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Visit us st Waterpower '93, Booth 421, 423 
Specialized services for the 
Hydro Generator Industry include: 
• Highly skilled winding crews for 01\ generator 
voltages 
• Selection of the optimum coil source and 
deSign for your needs 
• Specialists in disassembly and reassemby of 
generators and water turbines 
• Emergency 24 hour service 
• Upgrading and modernization of protection 
and control 
~ Complete station maintenance & operation 
~ Lowest warranty rate in the industry 
With over 40 years as the Quality Leader in 
Hydro-related repair, Eastern Electric provides 
"EO'"" backed service from Service Centers 
located coast-to-coast including Alaska. 
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from drought is a direct effect of 
drought. However, the consequences 
of that effect (e.g., loss of income, 
farm foreclosures , outmigration, or 
government relief programs) are indi-
rect effects. Because of the number of 
affected groups and sectors associated 
with drought, the geographic size of 
the area affected, and the difficulties 
connected with quantifying environ-
mental damages and personal hard-
ships, the determination of the finan-
cial costs of drought is both difficult 
and imprecise. As Figure 2 illustrates, 
there are few years when drought is 
not affecting some portion of the U.S. 
It is also common to have a series of 
years with widespread drought fol-
lowed by several years during which 
the spatial extent of drought is quite 
limited. For example, the decade of 
the 1930s was followed by a series of 
years in the 1940s in which severe to 
extreme drought was of limited spatial 
extent. This pattern has recurred 
several times since then. Therefore, 
for Dry, Wet, Dusty, Hazardous, 
or Just Plain Disgusting Conditions 
INDOOR OR OUTDOOR, 
WHAT DO YOU NEED? 
• Special Purpose Personnel 
Passenger 
Service 
• Freight 
• Work Platforms 
• Specials 
500 to 20,000 lb. capacities 
Vertical, horizontal or incline 
No machine room required 
No overhead vertical loads 
Overspeed centrifugal braking 
In-house engineering, service and parts 
Designed for the toughest environments' 
OVER 10,000 OUTDOOR UNITS SOLD! 
WHO ELSE CAN SAY THATI 
lID 
ALIMAK 
MAKERS Of THE F1NEST INDUSTRIAl. 
ElEVATORS IN THE WORLD 
ALIMAK ELEVATOR COMPANY 
1100 Boston Ava" Bridgeport, CT 06610 
Tel: (203) 367·7400 Fax: (203) 367·9251 
Atlanta (404) 4S9-99D2 
Chicago (708) 998-4646 
Houston (713) 338-1114 
Los Ang •• (310) 696-2571 
PhiladelphIa (215) 565-0610 
Toronto (416) 625-1380 
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direct and indirect losses may be 
extremely large for one or two con-
secutive years and then negligible for 
several years. 
The effects of drought can be clas-
sified into three principal areas: eco-
nomic, environmental, and social. 
Economic effects range from direct 
losses in the energy sector and agri-
cultural and agriculturally related sec-
tors (including forestry and fishing) to 
losses in recreation, transportation, 
and banking. Other economic effects 
include increased unemployment and 
loss of revenue to local, state, and 
federal governments, Where activities 
are directly dependent on water re-
sources, the economic effects of 
drought can include reduction in hy-
droelectric power, loss from fishery 
production, loss from recreational 
business, and loss to manufacturers 
and sellers of recreational equipment. 
Environmental losses are the result 
of damages to plant and animal spe-
cies, wildlife habitat, and air and water 
quality; forest and range fires; degra-
dation of landscape quality; and soil 
erosion. Although these losses are 
difficult to quantify, growing public 
awareness and concern for environ-
mental quality has forced public offi-
cials to focus greater attention on 
these effects. 
Social effects mainly involve public 
safety, health, conflicts between water 
users, and inequities in the distribution 
of effects and disaster relief programs. 
As with all natural risks, the eco-
nomic effects of drought are highly 
variable within and between economic 
sectors and geographic regions, pro-
ducing a complex assortment of wfu-
ners and losers with the occurrence of 
each disaster. For example, decreases 
in agricultural production result in 
enormous negative financial effects on 
farmers in drought-affected areas, at 
times leading to farm foreclosures. 
This decreased production also leads 
to higher grain, meat, vegetable, and 
fruit prices, which have a negative 
effect on all consumers as food prices 
increase. Farmers outside the drought-
affected area with normal to above 
normal production, or those with sig-
nificant grain in storage, reap the 
benefits of these higher prices. To a 
lesser extent, this can also be true of 
hydroelectric production, where a 
drought in the northwestern U.S., for 
example, would result in the purchase 
of more hydroelectricity from B. C. 
Hydro in British Columbia, Canada. 
Ironically, in the U.S. the energy 
sector can economically benefit from 
drouglit and associated heat waves 
owing to increased energy require-
ments for refrigeration and air condi-
tioning. For example, during the 
drouglit of 1980 and the accompanying 
six-week heat wave that extended 
from late June through the first week 
in August, total electric use averaged 
5.5 percent above normal-costing 
$1.3 billion.' However, various seg-
ments of the energy sector are af-
fected differently. While hydroelectric 
energy generation is reduced during 
extended drouglits, replacement en-
ergy sources, such as fossil fuels, 
increase energy costs. These addi-
tional costs are subsequently passed 
on to the consumer. In the book 
Drought Assessment, Manage-
ment, and Planning: Theory and 
Case Studies, it is estimated that the 
use of more expensive fossil fuels by 
electric utilities to replace drouglit-in-
duced hydropower losses in California 
cost ratepayers $2.93 billion between 
1987 and 1991.' 
In California, hydroelectric power 
plants produce about one-third of the 
electricity used in a normal year.' 
However, this production may vary 
significantly between wet and dry 
years. During wet years, as much as 
40 percent of the electricity used may 
come from hydropower. In 1988, rec-
ord consumption of electrical power 
occurred in California, although hydro-
power generation accounted for only 
17 percent of electricity production.6 
As a result of recent droughts, inter-
est in large-scale interconnected power 
systems-such as between B.C. Hy-
dro, the provincially owned utility in 
British Columbia, Canada, and the 
Bonneville Power Administration-has 
increased ' 
In response to continuing hydrologic 
drought conditions in the Missouri 
River Basin between September 1992 
and May 1993, the Western Area 
Power Administration (W APA) has 
spent more than $39 million buying 
electricity that would have been gen-
erated at the six main stem power 
plants under normal conditions. [Under 
normal water supply conditions, 
W APA typically would not need to 
purchase electricity from other sup-
pliers.-Ed.] Hydropower generation 
forecasts for 1993 indicate record low 
generation with more energy pur-
chases on the horizon.8 Thus, while 
meteorological and agricultural drought 
may have ended or lessened in sever-
ity for some portions of the Missouri 
River Basin, the hydrologic drought 
(Le., low reservoir levels) continues. 
Societal Vulnerability 
To Drought 
There is growing concern among 
scientists and policy-makers about so-
ciety's increased vulnerability to 
drouglit throughout the world. Several 
.: 
factors contribute to this increase in 
vulnerability. 
Competition for water and other 
limited natural resources is increasing 
because of increasing population. This 
increase in population puts added 
pressure on agriculturally marginal 
land to provide food and fiber. These 
marginal lands typically have a higlier 
incidence of drouglit and are more 
vulnerable to degradation. 
Changes in the distribution of popu-
lation can result in greater distance 
* 
.. ~ 
* We' ~utting 
Pumped Storage 
On The Map ~. c~onven-t;onal-hYdro-Projecl--'s owned and/or operated by CHI 
* Pumped storage projects under 
development by CPS 
Consolidated Hydro, Inc . (CHI) is the leading independent developer 
and operator of hydroelectric projects in the United States, pursuing 
acquisition and development opportunities both in the U.S. and 
internationally, cm continues to expand its long teno commitment to 
hydropower through its subsidiary, Consolidated Pumped Storage, 
Inc. (CPS). 
The I,500-MW Summit Pumped Storage Project in Ohio is the first 
non-utility pumped storage project ever to receive a federal license. 
Summit is the first of several projects currently under development 
by CPS to meet the energy needs of the 21 st century . 
CPS welcomes inquiries from both private and public entities seeking 
assistance in pumped storage development. Please contact: 
Carol H. Cunningham, Chief Executive Officer 
CONSOLIDATED PUMPED STORAGE, INC. 
One Greenwich Plaza 
Greenwich, Connecticut 06830 
(203) 661-4203 
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In earty May 1988, the level of the Bureau of Reclamation's Hungry Horse Reservoir In Mon-
tana was signlficanfly lowered in response to several consecutive years of below normal pre-
cipitation. As shown in this photograph, tile water level dropped so low that a large sandbar 
dayeloped. 
between the location of people and the 
location of adequate water supplies. 
Movement of people to drier areas or 
from rural to urban settings strains 
society's ability to provide adequate 
water supplies. This concept is well 
illustrated in the U.S. by the move-
ment of population to the West, espe-
cially California and Arizona. 
Per capita demand for water typ-
ically increases with the level of eco-
nomic development, straining water 
supply systems accordingly. This in-
creased per capita demand is particu-
larly evident in more developed Da-
tions, such as the U.S., but these 
trends are now being repeated in 
developing countries. 
The costs and environmental con-
cerns associated with constructing 
large reservoirs are slowing new 
water supply development projects. 
This narrows the margin between 
water supply and demand, increasing 
the likelihood of water shortages with 
less severe droughts in the future. As 
competition for water increases, so do 
the conflicts between water users. 
These conflicts escalate during periods 
of drought. 
Environmental concerns are placing 
increasing constraints on our use of 
natural resources. For example, pro-
tection of fish and wildlife populations 
This corn, planted in late April 1988 in central Indiana, dramatically iHustrateS the effects of 
the drought on crop development. This photograph was taken In mid-July 1988, when a 
severe drought was stili in effect. 
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during water shortages requires new 
allocations of available supplies. Also 
concerns about water qualitY-both 
surface and ground water-place COn-
straints and added costs on the Use 01 
tbatresource. 
These factors and others affect 
societal ' vulnerability to droughts and 
increase the need for both the public 
and private sector to use strategic 
planning to mitigate the effects of 
future droughts. Government re-
sponse to past droughts has typically 
been reactive, using a crisis manage-
ment approach. Such efforts do little 
to reduce vulnerability. In fact, pro-
viding drought relief can be a disin-
centive to managing resources on a 
sustainable basis. 
To increase preparedness for 
drought requires improved coordina-
tion and cooperation within and be-
tween levels of government, as well 
as in the private sector. Several 
countries are now pursuing a more 
proactive risk management approach. ' 
The approach includes the develop-
ment of a national drought policy and 
plan aimed at reducing societal vulner-
ability to future droughts while also 
promoting sustainable, long-term re-
source management. This proactive 
approach is not yet widespread in the 
U.S. 
Some Perspective about 
Preparing for Drought 
Drought is a nofD1al, expected cli-
matic event. Vulnerability to drought, 
as noted in this article, is significant 
and increasing. Competition for limited 
water and other natural resources is 
increasing because of increased popu-
lation pressure (i.e., growth and re-
distribution). Thus, drought-induced 
water shortages will be a more im-
portant problem in the future . Also, 
the uncertainty of future changes in 
climate, possibly resulting from in-
creasing concentrations in atmospheric 
"greenhouse" gases such as CO, has 
led some scientists to speculate that 
changes in climate may result in an 
increased frequency and severity of 
drought in the future. Consequently, 
while there is a strong rationale for 
planning for water shortages based on 
current climate variability and trends 
in population and water use, any 
change in climate will further aggra-
vate society's inability to cope suc-
cessfully with extreme climatic events. 
Both the public and private sectors 
N ORTIm op. D E INE T ARBELL. INC. 
!iNGINEERI~~p EN\lIAONMe-f'n"AL ~IENCE 
John J . Devine, P.E., President 
sao Washington Avenue· Port land , Maine 041 03 
Te lephone: (207) 775-4495· FAX(207) nS· l031 
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GILKES 
·SHOP PHOTO OF THAEE FRANCIS TURBINES (5200 KW) 
NOW INSTALLED AT THE VALLECITO DAM, COLORADO." 
THE WAY FORWARD IN HYDRO·ELECTRIC POWER. 
G~S OFFERS A FULL RANGE UPlQ 15 MW 
FRANCIS I PELTON I TURGO 
• TURBINES 6 COUPLETE SYSTEMS - TlfRN..kEY 
• SYNCHRONOUS &, INDUCl10H • SUPERIOR QUALITY 
• ON·TIME DELIVERV • CUSTOM DESIGN 
Experience list available on request. 
GILKES, INC., P. O. Box 628, Seabrook, TX 77586 
Tel (713) 474-7622 • Fex (713) 474·5304 
CIRCLE 16 ON READER SERVICE CARD 
NORTH EAST 
ENG I NEERING 
ASSOC I ATES 
INCOR'PORATEO 
2317 BlACK ROCK TURNPIKE 
FAIRFIELD WOODS PLAZA 
FAIRFIELD, CT 06430 
TEL: (203) 372·699B 
FAX : (203) 372·6910 
Experienced in all Phases of 
Hydroelectric Development: 
• Appraisal and Feasibility 
Studies 
• Permits and Licensing 
• Hydrologic and Hydraulic 
Studies 
• Energy and Economic 
Studies 
• Dam Safety Inspections, 
Dam Repairs and Dam 
Design 
• Equipment Selection and 
Procurement 
• Construction Bid 
Documents 
• Prelinlinary and Final 
Design 
• Construction Martagement 
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. 
Th,rty ·flve years of service In the U, S.A. 
and 45 other countries 
A Division of 
Frederic R. Harris, Inc. 
5660 Greenwood Plaza Blvd. 
Suite 500 
Englewood, Colorado 80111 
(303) 773-3788 
Concrete, RCC. Earth & Rockfill Dams 
High & Low-head Hydro . Irrigation 
Dam Safety Analysis & Rehabilitation 
Risk Assessments & Value Eng ineering 
FERC Applications & Inspections 
Regulatory Compliance 
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must increase their level of strategic 
planning to be better prepared for 
mitigating the effects of future droughts. 
Government response to past droughts 
has typically been a reactive or crisis 
management approach; the develop-
ment of higher levels of preparedness 
will require improved coordination and 
cooperation within and between levels 
of government and with the private 
sector. 
do wen to understand the character-
istics of drought. On a more general 
note, the U.S. needs to pursue de-
veloping a national drought policy and 
planning for minimizing the nation's 
vulnerability. 0 
Don Wilhite may be contacted at 
the International Drought Infor-
mation Center, University of Ne-
braska-Lincoln, L. W. Chase Hall, 
P.o. Box 830728, Lincoln, NE 
68583-0728; (402) 472-3679. Hydroelectric industry -leaders would 
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